This study investigated pheromone communication and mating behaviour of the coffee white stem borer (CWSB), Xylotrechus quadripes (Coleoptera: Cerambycidae), in South Yunan, China. Coupled gas chromatographic-electroantennographic detection (GC-EAD) and GC-mass spectrometric (MS) analyses of volatiles released by male and female CWSB identified 2-hydroxy-3-decanone and 2,3-decanedione as male-specific candidate pheromones. Further GC-EAD and GC-MS analyses confirmed that only (S)-2-hydroxy-3-decanone is produced by male CWSB and elicits antennal responses by male and female CWSB. In field experiments, 2-hydroxy-3-decanone as a trap bait afforded capture of one female CWSB, and in laboratory experiments it weakly attracted female but not male CWSB. Complex mating behaviour in CWSB includes: 1) attraction of potential mates by both sexes; 2) repeated landings (with ever decreasing distance) of a female next to a male; 3) males dashing to a nearby female; 4) rejection of mating attempts by females; 5) post-mating female guarding by males; and 6) size-dependent mating success of males. Considering this complex mating behaviour, lack of direct flight towards pheromone sources, mating near pheromone-baited traps, and only moderate attractiveness of (synthetic) pheromone, pheromone-based trapping of females does not seem to be a viable strategy for managing CWSB populations in China.
INTRODUCTION
The coffee white stem borer (CWSB), Xylotrechus quadripes (Chevrolat) (Coleoptera: Cerambicydae), is a major pest in commercial coffee plantations in Asia (Duffy, 1968; Visitpanich, 1992a; Kuang et al., 1997; Rhainds et al., 2001a) . Damage inflicted to coffee stems by wood-feeding larvae causes mortality of plants or reduction in fruit production (Veeresh, n.d.) . Because larvae inside coffee stems are difficult to control, management strategies are aimed at preventing infestation, either by manually collecting adults, uprooting infested stems, or interfering with oviposition behaviour by scrubbing stems or swabbing them with repellent chemicals (Veeresh, n.d.) . Recently, pheromone-based monitoring and/or mass trapping of CWSB populations have been considered as potential management tactics.
Male CWSB from India produce (S)-2-hydroxy-3-decanone as a female attracting pheromone (Hall et al., 1998) . This study was undertaken to investigate pheromone communication and mating behaviour of CWSB in South Yunan, China. Specific objectives were to: 1) identify pheromone components; 2) evaluate behavioural activity of candidate pheromones; 3) document pre-mating interactions between adults; and 4) quantify intraspecific variations of mating success.
were placed in a cylindrical Pyrex glass chamber (Oehlschlager et al., 1988) . A water aspirator drew charcoal filtered, humidified air at 2 l/min through the chamber and a glass column (14 cmϫ13 mm OD) filled with Porapak Q (50-80 mesh, Waters Associate Inc., Massachusetts 01757). Volatiles were eluted from the Porapak Q with 5 ml of redistilled pentane. Aliquots of 0.1-1.0 beetle-aerationhours were subjected to gas chromatographic (GC) analyses (Hewlett-Packard 5890) with both flame ionization (FID) and electroantennographic detection (EAD) (Arn et al., 1975) , employing 3 fused silica columns (30 mϫ0.25 or 0.32 mm ID) with different retention characteristics (DB-5, DB-210, DB-23; J&W Scientific, Folsom, California 95630). Full-scan electron impact (EI) and chemical ionization (isobutane) (CI) mass spectra of EAD-active compounds were obtained by coupled GC-mass spectrometry (MS), using a Varian Saturn II ion trap GC-MS and an HP 5985 GC-MS, respectively, each fitted with the DB-210 or DB-5 column referred to above. Enantiomeric composition of candidate pheromone 2-hydroxy-3-decanone was determined by GC, GC-EAD and GC-MS of Porapak Q extracts, employing a fused silica column (30 mϫ 0.25 mm ID) coated with Cyclodex B (J&W Scientific). Comparative split/splitless (240°C) and oncolumn (50°C) GC injection of volatile extract was conducted to reveal potential thermal rearrangement of candidate pheromones. Syntheses 2,3-Decanedione (2) (Fig. 1 , Scheme 1): 2-Decene (1; 6.6 g in 220 ml of acetone, 50 ml of H 2 O, and 6.1 ml of acetic acid), which was produced by Wittig reaction of octanal and ethyltriphenyl-phosphonium bromide, was oxidized by potassium permanganate (10.3 g in 20 ml of H 2 O) (Srinivasan and Lee, 1979) . The resulting mixture of the diketone and ketoalcohols was further oxydized by heating for 2 min with cupric acetate (18 g in 20 ml of H 2 O and 25 ml of acetic acid) (Lewbart and Mattox, 1963) . Further addition of cupric acetate (5 g) and 2-min-heating yielded after purification bright yellow 2,3-decanedione (2, 3.9 g). O-Trimethylsilyl-acetaldehyde cyanohydrin (4) (Fig. 1 , Scheme 2): Acetaldehyde (3, 12 g) and trimethylsilyl cyanide (25 g) were dissolved in dichloromethane (150 ml), and zinc bromide (0.6 g) was added at 0°C. After 15 min, the mixture was stirred for 2 days at room temperature, then washed twice (water, sat aq. sodium chloride), dried and evaporated. After distillation at 66-68°C @ 20 torr., compound 4 (30.3 g, 85% yield) was obtained.
1 H (CDCl 3 ); d ppm 0.2 (9H, s), 1.55 (3H, d), 4.51 (1H, q); GC-MS m/z (relative intensity): 143 (1), 127 (8), 117 (35), 101 (100).
2-Hydroxy-3-decanone (6) (Fig. 1 , Scheme 2): A Grignard reagent was prepared from bromoheptane (45.6 g) and Mg (7 g) in ether (200 ml). This was cooled to Ϫ70°C, and compound 4 added. The mixture was allowed to warm to ambient temperature, and was stirred overnight. The reaction was quenched with water, then diluted slowly with sat. ammonium chloride (80 ml) and stirred until solids dissolved. After acidifying to pH 4, the mixture was extracted 3 times with hexane/ether (50/50). Combined extracts were washed (water, brine), dried and evaporated. Crude 5 was treated at 0°C with a solution of HF (47%, 13 ml) in acetonitrile (120 ml). After being stirred for 1 h, the mixture was diluted with water (100 ml) and extracted 3 times with hexane/ether (50/50). Combined organic layers were washed (water, brine), dried and evaporated. Chromatography yielded 90% chemically pure (GC) colourless 6 (24 g; 75% overall yield O-Trimethylsilyl-octanal cyanohydrin (8b) (Fig.  1 , Scheme 3): To octanal (8 g) in MeOH (30 ml) was added potassium cyanide (4.6 g), followed by acetic acid (4.8 ml). After 18 h, water was added and the mixture extracted to yield crude 8a (8.5 g). This was redissolved in dichloromethane (50 ml) and combined with trimethylsilyl chloride (7 g), triethylamine (10 ml), and DMAP (1 g). After 2 h of stirring the reaction was complete. Water was added, and the mixture extracted 3 times with hexane/ether (50/50). Combined organic layers were washed (10% sulfuric acid, brine) and dried (sodium sulfate and charcoal). After evaporation and chromatography, product 8b (6.8 g, 74% pure) was obtained admixed with a minor by-product; GC-MS m/z (relative intensity): 227 (2), 212 (72), 201 (15), 185 (100); by-product: 256 (12), 145 (85).
3-Hydroxy-2-decanone (9) (Fig. 1 , Scheme 3): To the mixture of 8b plus by-product (3.4 g) dissolved in ether (20 ml) at Ϫ70°C was added dropwise MeLi (1.5 M, 10 ml). The solution was stirred 1 h under argon and quenched cold with saturated ammonium chloride. After the mixture had warmed to 25°C, DME (30 ml) and 2 N HCl (30 ml) were added, followed by HF (47%, 0.8 ml). When TLC indicated the absence of silyl ether, the mixture was extracted with mixed solvent. Combined organic phases were washed (brine), dried and evaporated. The crude product was chromatographed to yield pure ketoalcohol (9, 1.1 g); GC-MS m/z (relative intensity): 172 (8), 128 (12), 111 (15), 110 (12), 69 (100), 74 (6), 43 (55).
(S)-2-Hydroxy-3-decanone (14S) (Fig. 1 , Scheme 4): The procedure described by Mori and Otsuka (1985) was used, except the THP protecting group substituted their ethyl vinyl ether reagent. Enantiomeric excess (ee) of 11 (RϭH; 90-92% ee) was the same as theirs, as determined by GC on a cyclodextrin column. However, (R)-and (S)-ketoalcohols had only 85% ee. (R)-2-Hydroxy-3-decanone (14R) was prepared similarly, using L-(+)-isopropyl tartrate. NMR data of 14S and 14R were identical to those of racemic 6.
Field testing of candidate pheromones. Experiments 1-9 were conducted in Yunan in plantations of Arabica coffee with low to moderate CWSB densities (dϭproportions of infested plants) [ (Gray et al., 1984) . A small insecticidal Diclorvos cube (Green Cross, Division of Ciba Geigy Canada Ltd., Mississauga, Ontario, L4Z 2Z1) placed in the receptacle of funnel traps assured rapid death of captured beetles. Traps deployed in randomized blocks were suspended at 12 m intervals in the mid-canopy of coffee plants. Treatments (trap baits) tested in different experiments included various combinations of the following: 2-hydroxy-3-decanone (0.2, 1 or 10 mg/24 h), 2,3-decanedione (0.5 or 3 mg/24 h), 3-5 live males or females, 6-8 uninfested coffee sticks or coffee sticks infested with CWSB (each measuring 6 cm long), or insectproduced frass (20 cm 3 ). Traps were left in the field between 3 to 60 days.
Laboratory testing of candidate pheromones. About 2,000 CWSB-infested coffee stems were collected in Menggne, 25 km south of Lancang, and transported to the Nestlé E&D Farm. Twenty to 30 stems were placed vertically in each of several pots (65 cm diameterϫ15 cm high) containing wet sand, and stored inside a room (10ϫ6ϫ3 m high) with a large screen door (300ϫ250 cm high). Emergent, positive phototactic adults were collected from the screen, and kept individually in plastic containers with a wet cotton ball. In all experiments, 2 funnel traps were suspended 1.5 m above ground 210 cm apart alongside the screen door. Treatments and assessment criteria used in experiments 10-15 are listed in Table 1 . Exp. 10 recorded numbers of emergent CWSB captured in traps with or without candidate pheromone. The position of traps along the screen was changed after 17 days of trapping. Trap-captured insects were counted after 17 days, and upon completion of the experiment. Exp. 11 recorded numbers of CWSB that a) landed, b) mated, and c) remained unmated, on screen sections with or without candidate pheromone. a) Landing: groups of 5 CWSB were released in the room every 30 min between 8:30 and 14:30; adults that landed on the screen were sexed, removed, and kept individually in plastic containers. b) Mated: at 15:00 and 15:30, respectively, container-stored females and males were re-released into the room; mating interactions between CWSB on the screen were continually monitored for 225 min, and mating pairs removed. c) Unmated: shortly before dusk at 19:15, unmated CWSB were removed from the screen. The position of traps along the screen was changed every day. Exps. 12-14 recorded numbers of emergent CWSB that landed on screen sections with or without candidate pheromone and/or host-plant stimuli. The middle section of the screen was covered with dark cloth, and funnel traps were modified by removing their cover and receptacle. Each experiment was conducted for 9-10 days; the position of traps was changed after 5 days. Exp. 15 compared mating behaviour of CWSB on screen sections with or without candidate pheromone, employing an experimental design as described in Exps. 12-14. For each of 7 days at 14:00, 30 males were placed on the lower part of both pheromone-baited and control screen sections, and 60 females released in the room at 14:30. Mating interactions on the screen were continually monitored during 60 min, and mating pairs removed. At 15:30, as yet unmated CWSB were collected from the screen. The size of mated and unmated CWSB was evaluated by measuring the length of their elytra with a caliper.
Short-range sexual communication. Exp. 16 was carried out in the Nestlé E&D Farm in a large outdoor cage (5ϫ6ϫ2 m high). Inside the cage, 2-year-old coffee plants were transplanted in 2 rows of 4 plants, with inter-row and inter-plant distances of 2 and 1.2 m, respectively. Each coffee plant was baited with either 8 males or 8 females placed in 4 screen bags (10ϫ5 cm) with 2 beetles each. Two bags were suspended in the plant canopy, and 2 bags placed on the ground, 15 cm apart from the stem. Every second day, male and female baits were alternated between plants. Insects within bags were replaced every second day. For each of 4 consecutive days (29 July-1 August), 30 males and 30 females were marked with blue and red dots, respectively, and released at 10:00 0.5 m apart in the center of the cage. The behaviour of released insects was continually monitored by 2 observers for 480 min. Mating pairs were separated. An insect that landed on a coffee plant or approached to within 10 cm of a screen bag on the ground was sexed and removed. Every hour, insects on the screen inside the cage were sexed and re-released in the center of the cage. The experiment was replicated during 8 additional days (between 6-15 August) by releasing males and females on separate days.
Observations on mating behaviour. Observations were made in a room (6ϫ4ϫ3 m high) with a screen window (100ϫ150 cm high; 100 cm above ground) at Nestlé E&D Farm. For each of 4 consecutive days (03-06 July), elytra of 9-16 males and females were individually colour-coded, and insects divided into 3 size-classes according to elytra length: small (males: 0.65 cm; females: 0.75 cm), intermediate (males: 0.65-0.75 cm; females: 0.75-0.85 cm) and large (males: Ͼ0.75 cm; females: Ͼ0.85 cm). Each day, males and females were released at the base of the screen window at 14:00 and 14:30, respectively, and their courtship behaviour continually monitored for 300 min. Records were kept as to whether mountings of a female by a male were or were not followed by copulation. Males and females that initiated copulation were allowed to mate for 15 min in a plastic container before being re-released individually at the base of the screen. Adults that fell on the ground were transferred back on the base of the screen.
RESULTS

Identification of candidate pheromone
Chromatography of volatile extract of male and female CWSB revealed 2 compounds that were sex-specifically produced by males (compounds G and J in Fig. 2) . Compounds specific to females were not detected. In GC-EAD recordings, antennal activity of J exceeded those of compounds A-I (Fig. 2) . Unaware of concurrent pheromone analyses of CWSB from India (Hall et al., 1998) , we initiated identification of compound J. Its CI-MS revealed a molecular weight of 172. EI-MS fragmentation ion m/z 45 suggested a hydroxy-group in C 2 , and fragmentation ion m/z 137 (172ϪO 2 H 3 ϩ ϭ 137) the presence of a second hydroxy-or ketogroup in the molecule. Retention indices (RI) (Van den Dool and Kratz, 1963) of J on DB-5 (RIϭ 1,309), DB-210 (RIϭ1,674) and DB-23 (RIϭ 1,899) were indicative of a keto-alcohol rather than a diol. We hypothesized, and through GC, GC-EAD and GC-MS of a synthetic standard confirmed, that J was 2-hydroxy-3-decanone (6). The second most EAD-active compound (G in Fig. 2 ) was hypothesized, and through synthesis confirmed, to be corresponding 2,3-decanedione (2). On-column injection analyses of volatile extract minimized thermal isomerization of 2-hydroxy-3-decanone to 3-hydroxy-2-decanone, and proved uniquevocally that males produce only 2-hydroxy-3-decanone. GC-EAD and GC-MS analyses of volatile extract on an enantiomer-separating Cyclodex B column indicated that (S)-2-hydroxy-3-decanone, but not the antipode, is produced by male CWSB and elicits significant antennal response (Fig. 2) . EADactive components A-J were assigned the following molecular structures: A, unknown; B, 2-octanone; C, octanal; D, 2-nonanone; E, unknown; F, nonanal; G, 2,3-decanedione (2); H, unknown; I, decanal; J, 2-hydroxy-3-decanone (6). C: FID and EAD responses to insect-produced and synthetic 2-hydroxy-3-decanone. Chromatography: Cyclodex B column (30 mϫ0.25 mm ID); splitless injection; injector temperature: 240°C; FID temperature: 260°C; temperature program: 130°C isothermal. Note: the small antennal response in the EAD recording occurs too late to correspond to (R)-2-hydroxy-3-decanone.
Field testing of candidate pheromones
No CWSB were captured in pheromone-baited, adult-baited or unbaited traps in Paliang, Dakaihe, Jinping, and Nestlé E&D Farm (Table 1) . In Dahaishan, one female was captured in a trap baited with 2-hydroxy-3-decanone.
Laboratory testing of candidate pheromones
Laboratory testing indicated weak positive attractiveness of female CWSB to synthetic pheromones (Fig. 3) , although females did not fly directly toward, and even mated near, pheromone sources. Pheromone-baited traps captured more females than control traps, whereas baited and unbaited traps captured similar numbers of males (Exp. 10; Fig. 3A ). Comparing numbers of males and females that landed on pheromone-baited and unbaited screen sections indicated a marginally significant interaction between sex and treatment (Exp. 11a: Fϭ6.56; dfϭ1, 3; pϭ0.083), suggesting sex-specific response to pheromone: numbers of females, but not of males, on the pheromone-baited screen section exceeded those on the control section (Fig. 3B) (Fig. 3C) . Numbers of females sampled on screen sections baited with 2-decanol-3-one, either alone (Exp. 12) or in combination with saw dust (Exp. 13) or 2,3-decanedione (Exp. 14), exceeded those on control sections, but differences were not statistically significant (paired t-tests Fϭ1.56; dfϭ1, 6; pϭ0.266 ) was dependent upon their size, with mated males being on average larger than unmated males (Fig. 4) . 304 M. Rhainds et al. 
Short-range sexual communication
Males and females on and around plants were more likely to be sampled near screen bags baited with conspecifics of the opposite (rather than their own) sex (Fig. 5) . Insects never landed directly on screen bags containing insect baits. Observations of mating behaviour on plants indicated complex pre-mating interactions, with repeated landings of a female near a motionless male (each time closer to the male), and the male eventually dashing toward her. Females sometimes rejected mating attempts by males. After mating, males guarded females by remaining on their back. Females guarded by one male occasionally approached within 5 cm of a second male that had recently landed on the plant, and the second male attempted to dislodge the male from the female's back. Mating of CWSB on the ground was common and involved a sequence similar to that observed on the screen (see below).
Observations on mating behaviour
The mating sequence of CWSB entails approach, mounting and copulation. 1) Approach: a male within 10 cm of a female dashes toward her. Females commonly rejected mounting attempts by running away from males. 2) Mounting: large rather than small males were more successful in mounting a female, whereas the size of females did Table 1 ). B: Numbers of males and females that landed on screen sections with pheromone-baited and control traps (Exp. 11a, Table 1 ). Nested ANOVA using sex and treatment as fixed factors and date as a random factor nested within sex and treatment indicated the following significance levels: p (date)ϭ0.899; p (sex)ϭ0.129; p (treatment)ϭ0.208; p (sex * treatment)ϭ0.083. C: Numbers of unmated males and females recorded on screen sections with pheromone-baited and control traps (Exp. 11b, Table 1 ). Nested ANOVA using sex and treatment as fixed factors and date as a random factor indicated the following significance levels: p (date)ϭ0.579; p (sex)ϭ0.104; p (treatment)ϭ1.000; p (sex * treatment)ϭ0.063. Fig. 4 . Length of elytra of mated and unmated X. quadripes recorded on screen sections with pheromone-baited and control traps (Exp. 15, Table 1 ). Nested ANOVA using mating status and pheromone treatment as fixed factors and date as a random factor nested within mating status and pheromone treatment indicated the following significance levels: p (date)ϭ0.042 for males and 0.123 for females; p (treatment)ϭ0.516 for males and 0.849 for females; p (treatment * mating status)ϭ0.654 for males and 0.825 for females. not influence their probability of being mounted by males (Fig. 6A) . 3) Copulation: mounting was followed by either mate rejection (Nϭ34) or copulation (Nϭ25). A female rejecting a male exhibited a zigzagging run, attempting to dislodge the male from her back. Mountings also terminated when a large male left a small female without attempting to mate. Copulation occurred when the mounted female stopped walking to allow union of genitalia. Copulation rate of males [number of copulations/ number of mountings] was affected by their size, with intermediate males most likely to copulate; copulation rate of females, in contrast, was independent of their size (Fig. 6B ). Only 16 (42.1%) of 38 females that were mounted mated. Some females, however, mated 3-5 times within 270 min.
Number of copulations per individual increased with body size for males but not females (Fig. 6C) .
DISCUSSION
Male-produced pheromones have been reported in several cerambycids, including Xylotrechus pyrrhoderus (Bates) (Iwabuchi et al., 1986) , Xylotrechus chineensis (Chevrolat) (Iwabuchi et al., 1987; Kuwahara et al., 1987) , Hylotrupes bajulus (L.) (Fettköther et al., 1995) , Anaglyptus subfasciatus (Pic.) (Leal et al., 1995) , and X. quadripes (Hall et al., 1998; Figs. 2 and 3) . Sexual communication in cerambycids with male-produced pheromone typically proceeds in two steps: females are attracted to the vicinity of a motionless male; males initiate courtship with nearby females (Iwabuchi, 1982 (Iwabuchi, , 1985 Fauziah et al., 1987; Iwabuchi et al., 1987; Fettköther et al., 1995; for CWSB, see Visitpanich, 1992b; Venkatesha et al., 1995) . Recognition of females by males may be mediated by a short-range female-produced pheromone in X. pyrrhoderus (Iwabuchi, 1985) and CWSB (Venkatesha et al., 1995) .
The mating system of CWSB entails complex interactions between males and females, with both sexes attracting potential mates in their vicinity (Fig. 5) , and females commonly rejecting mating attempts by males. Behavioural observations further suggest that adults aggregate for mating and compete for access to mates: 1) females already mounted by a male sometimes approached a second male, suggesting that male-produced pheromone is involved in sexual competition; 2) homosexual mounting attempts of females, but not males (Veeresh, n.d.) , may have evolved to stimulate short-range attraction of males; 3) mate guarding by males suggests frequent encounters between males and females; 4) females discriminate between potential mates, with large males more likely to mate (Figs. 4 and 6 ). It remains unknown whether and where CWSB aggregate for mating in natural settings, but patchy distribution of infestations in India suggest that adults may aggregate in sunny locations without foliage cover, e.g. without shade trees, or with dead coffee plants (Veeresh, n.d.) .
Release of female-attracting (S)-2-hydroxy-3-decanone by male CWSB from India (Hall et al., 1998) Response on the ground was measured by recording beetles that approached within 10 cm of screen bags. Response in the plant canopy was measured by recording beetles that landed on coffee plants. Nested ANOVA using sex and location of baits as fixed factors and date as a random factor nested within sex and location indicated the following significance levels: p (date)ϭ0.377 for males and 0.396 for females; p (sex of baits)ϭ0.028 for males and 0.013 for females; p (location of baits)ϭ0.247 for males and 0.797 for females; p (sex * location)ϭ0.171 for males and 0.100 for females. oratory experiments indicated that (S)-2-hydroxy-3-decanone, alone or in combination with 2,3-decanedione, weakly attracts female but not male CWSB (Fig. 3) . 2,3-Decanedione released by male CWSB from China elicited antennal response by females (Fig. 2) but did not attract females. Captures of 20 female and 2 male CWSB in 8 pheromone-baited traps during 3 months in India (Hall et al., 1998) , but of only one female in South Yunan, likely reflects differences in experimental sites rather than pheromone systems. In India, coffee plantations cover larger areas and support higher numbers of shade trees than those in China (CCL, unpublished results). Optimum placement of traps in sunny locations may further have contributed to higher captures in India. Captures of 3 CWSB in 4 unbaited traps in India (Hall et al., 1998) attest to high population density in the experimental site(s).
Male-produced pheromones have evolved in insect mating systems with males either providing significant parental investment or monopolizing resources essential to the reproduction of females (Thornhill and Alcock, 1983) . However, the adaptive significance of male-produced pheromone in CWSB remains unknown. Female CWSB mate repeatedly (Visitpanich, 1994) but multiple matings do not enhance their reproductive success (Veeresh, n.d.) . In cerambycids, mating generally takes place on larval host or adult food plants . C: Number of copulations. ANOVA using size class as fixed factor and date as blocking factor indicated the following significance levels: A: p (date)ϭ0.007 for males and 0.187 for females; p (size)ϭ0.036 for males and 0.427 for females. B: p (date)ϭ0.288 for males and 0.651 for females; p (size)ϭ0.002 for males and 0.330 for females. C: p (date)ϭ0.011 for males and 0.182 for females; p (size)ϭ0.036 for males and 0.336 for females. Numbers of males and females marked and released for different dates were as follows: 03/07, 14 males and 9 females; 04/07, 14 males and 13 females; 06/07, 16 males and 14 females; 07/07, 11 males and 15 females. (Duffy, 1953) , and males may defend patchy resources used by females for feeding (Goldsmith, 1987) or oviposition (Hughes and Hughes, 1982) , but female CWSB have never been observed feeding in coffee plantations (Veeresh, n.d.) , and oviposit without feeding (Visitpanich, 1994) . We hypothesize that mate signalling by male CWSB may have evolved as a mechanism for defending plants preferred by females for oviposition, such as coffee plants under water stress (Visitpanich, 1992a) or with numerous bark crevices (Veeresh, n.d.) . If true, attraction of females to male pheromones may be dependent upon the presence of visual or olfactory cues associated with suitable host plants, such as volatiles present in coffee saw dust (Rhainds et al., 2001b) . In A. subfasciatus, traps baited with both male pheromone and plant kairomones attract more females than traps baited with either pheromone or kairomone (Nakamuta et al., 1997) .
Considering the complex mating behaviour of CWSB (Visitpanich, 1992b; Venkatesha et al., 1995) , occurrence of matings near pheromonebaited traps, and moderate attractiveness of pheromone (Hall et al., 1998 ; this study, Fig. 3) , pheromone-based trapping of females does not appear to be a viable strategy to manage CWSB populations. This conclusion is supported, in part, by findings that removal of up to 64 CWSB per 10 acres of coffee plantations in India did not reduce infestation levels (Veeresh, n.d.) . However, should CWSB aggregate and mate in patches of susceptible coffee plants, traps baited with pheromone and kairomone, and placed in optimal location may help reduce infestations.
